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CHAPTER 1 Introduction

Background
Influenza A viruses are negative-strand enveloped RNA viruses of the family Orthomyxoviridae that infect a wide range of warm-blooded animals, including domestic and wild birds and mammals (e.g., humans, pigs, and horses) (1) . The natural reservoir for influenza virus is thought to be wild waterfowl, and genetic material from avian strains episodically emerges in strains infectious to humans. These human viruses continually circulate in yearly epidemics (mainly during the winter months in temperate climates), and antigenically novel strains emerge sporadically as pandemic viruses (2, 3).
Influenza A is comprises a protein coat or capsid that houses the viral genome, a single strand of RNA split into eight segments (Influenza A and B, influenza C only split into seven segments) , each carrying a single gene. One of these encodes hemagglutinin (HA), a surface antigen that is used by the virus to bind to and break into host cells. Another gene produces a second surface antigen, neuraminidase (NA), which helps newly formed virus release to infect other cells (4).
The host immune system targets HA and NA, subjecting them to strong selective pressure. Genetic mutation, subtly altering the antigenic properties of these two target proteins, is sometimes referred to as antigenic drift. Antigenic shift, by contrast, is a major change in the antigenic properties of these two proteins caused by reassortment of one or more of the 16 known HA subtypes (H1 to H16) or the nine NA subtypes (N1 to N9) that circulate in wild birds (5).
Humans have been exposed to only H1, H2, and H3 viruses in the recent past. Consequently, a virus with an unfamiliar subtype, such as H5N1, will go undetected by the immune system of everyone alive today (6 (15) (16) (17) . In contrast, the mutations that offer resistance to the NA inhibitors are at the highly conserved regions of active site of the NA enzyme. These mutations result in compromised NA activity and therefore a lower potential for the emergence of resistance. However, in functional structure screening, the NA proteins are significantly
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conserved. These results demonstrate that some of the regions of NA protein play an important role for maintaining function. Through the in silico prediction and site-direct mutagenesis reverse genetics, the NA-mutant viruses were produced.
CHAPTER 2 Materials and Methods
Viruses and cells
All of the viruses were generate from A/WSN/33 reverse genetic system.
The system plasmids was provided by Fodor E. et al. (18) from Netherlands.
293T cell line from our laboratory was used in transfection. MDCK cell line from Chang Gung Memorial Hospital Dept. Clinical Virology Laboratory was used in maintaining and amplifying the viruses.
Generation of A/WSN/33 wild type and NA mutated viruses by reverse genetics
The NA genomes of the wild-type and NA mutated A/WSN/33 viruses passaged in vitro in our laboratory were amplified by reverse transcription-PCR (19) , and their sequences were determined by the DNA Sequencer. The wild-type virus was used as the backbone of recombinant viruses generated for this study. Twelve plasmids were constructed, four plasmids for produced the polymerase protein, and seven plasmids each containing the cDNA of one of the eight gene segments of the wild-type virus. A plasmid that contained the cDNA of the NA gene of the systematically mutation were also constructed as previously described (18) .
Constructed plasmids were sequenced to ensure that they were identical to the field strain. Recombinant viruses that were identical, with the exception of the serial introduced NA mutations, were generated by transfecting 293T cells with the wild-type NA plasmid (WT-NA) or the NA mutant plasmids that contained the serial mutations ( Figure 1 ). Stock viruses were prepared by three passages of the viruses rescued from 293T in MDCK cells, in Dulbecco's minimal essential medium (DMEM) supplemented with 0% fetal bovine serum (FBS) and 1 μg/mL trypsin.
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Transfection of 293T cells
Transient calcium phosphate-mediated transfections of 293T cells were performed essentially as described (20) . Cells were plated the day before transfection in 6 wells culture plates to obtain 50% confluent monolayers. After overnight transfection with 12 μg/mL plasmid DNA, the transfection medium was replaced with fresh medium supplemented with 0.5% FBS for virus production or 10% FBS for all other transfections. Cells were incubated for 96 h, after which supernatants were harvested. Virus-containing supernatants were cleared by centrifugation for 10 min at 300 x g. Virus titers in the supernatant were determined either directly or upon storage at 4 °C for less than 1 week, or at -80 °C for longer than 1 week.
Plaque assay in MDCK cells
Confluent MDCK cells were incubated for 1 h at 37°C with 10-fold serial dilutions of virus in 0.5 ml infection medium. The cells were then washed and overlaid with freshly prepared DMEM containing 0.2% FBS, 0.3% agar, and 1 μg/mL trypsin. The plaques were visualized after incubation at 37°C for 3 days by staining with 0.1% crystal violet solution containing 10% formaldehyde.
Sequence analysis
The RT-PCR product was purified using the QIAquick Gel Extraction Kit -8 -
In silico based NA structure modification analysis
The mutant-NAs protein structure were analysis and modification by Swiss-Model program (27) . The references structure was 2hty from the RCSB Protein Data Bank (28) . Figure presentation were showed by PyMOL v 0.99. Due to the significant genetic diversity among various NA subtype, the attempted analysis of the multiple aligned 714 NA sequences from Clustal W failed to produce a satisfactory result in GeneDoc, with only 52% identify. When lowered the threshold frequency from 80% to 25%~60%, a consensus of each subtype was successfully generated and the predicted consensus region are highlighted and displayed in figure 1 . There are 95 residues found highly conserved among all nine NA subtypes. In figure 1 we also included A/WSN/33 NA sequence and shows the diagram of those 95 found residues on N1 consensus versus A/WSN/33 NA sequence.
CHAPTER 3 Result
In silico based surveillance assay
Generation of recombinant influenza A virus with mutation on NA
Based on our in silico analysis, recombinant viruses with alanine substitution at highly conserved region have been generated. Compare with the control group, without adding C. perfringens NA, they are 6
NA-mutant viruses be recombined in additional condition. rescued, but only 7 mutants were rescued without the additional NA. The weak mutant viruses which were rescued by additional NA produced a very small plaque in these assay (figure 2B). These observations will provide an evident to prove that the mutant of NA conserve region will critically influence it replication or viability. This observation suggesting that the NA plays an important function in the replication.
Computational prediction for NA-mutants Structure
The three-dimensional structure of A/WSN/33 NA protein structure was predicted using the Swiss-Model tool. Those 28 conserved residues were marked and highlighted ( Figure 3) . We found that the marked positions are mostly at the active site.
In figure 4 , A/WSN/33 NA structure was predicted by the SWISS Model server as an example used to show these 3 categorical phenomena. In the first category of serial mutants, the reverse genetic approach was used in successful rescues of 7/28 viruses (T132A, T210A, D228A, P286A, G332A, E356A, and G388A). Most of the NA mutation points are located in the inner protein; only T132A is located on the top of the surface ( figure 4A ). Figure 4B showed NA mutant virus which were rescued with additional C. perfringens NA in -11 -transfection and replication. Five out of 21 mutant viruses are rescued in this category (P104A, T227A, E261A, N279A, and R352A); most of them appear to affect the active side of NA. Only P104A was not located on the active side, this protein was more compact than the others. In the category of non-rescued NA mutant viruses ( figure 4C ), 53.3% exhibits modified NA side-surface structures.
20% increases their internal space compared with wild type and 13.3% loses disulfide bond. Exchanging residues 354G and 413G to A increases the effect of the hydrogen bond.
In the other hand, we found that there were 9/16 non-rescued NA mutants localized at the side-surface of monomer may affect NA oligomerization ( figure   5 ), including 4/16 mutants which were near the active site. Under the transparent view, we found that other identical residues play a role to interact with another monomer.
CHAPTER 4 Discussion
In silico analysis was used to verify that 75% of mutant viruses are not recombinant or a functional virus. This finding indicates that the highly conserved regions of NA -especially the residues that surround the side surfaces -are very important to viral survival.
Exchanging the NA origin residue to Ala may cause loss of protein function, possibly an interaction with other viral protein, cleavage of the sialid acid or attraction to other cytoplasm protein.
The residues in the surface protein may constitute a good target of anti-viral drug design, as they can effectively inhibit viral growth or combination.
-16 - -T210A  R209A  ----T227A  --D228A  ±  E261A  --Y266A  ----N279A  --P286A  G332A  -R352A  --G354A  ----E356A  -G388A  -G413A  ----S425A  ----D443A  ----H259A --±, a little cells death; +, cytopathic effect (CPE) and plaque forming presented.
-, cytopathic effect (CPE) and plaque form absent. we found that other identical residues play a role to interact with another monomer (B and C), such as the yellow monomer interacts with the blue monomer.
